Summary. Thirteen serine proteinase inhibitors of the guanidine, monoamidine and diamidine type were tested for their ability to inhibit the proteinase acrosin present in the acrosome of ejaculated and capacitated boar spermatozoa. All compounds studied proved to be potent in-vitro inhibitors of acrosin. Inhibition constants (K,) in the range of 1\m=.\2\m=x\10\m=-\7to 6 \m=x\10\m=-\8 M were found for the reversible inhibitors. The i ntra\x=req-\ acrosomal inhibition of acrosin was assessed by the gelatin substrate film method : 2 guanidinobenzoates, one monoamidine and one diamidine derivative proved to inhibit acrosin completely in intact spermatozoa. Intravenous injection of 6-amidino-2-(4\x=req-\ amidinophenyl)-indole had no effect on fertilization, but application of 4-nitrophenyl\x=req-\ 4-guanidinobenzoate in a vaginal suppository gave a 50% reduction of fertilization.
Introduction
Acrosin is a trypsin-like enzyme associated with the acrosome of vertebrate spermatozoa (McRorie & Williams, 1974) . The proteinase is supposed to effect the lysis of the innermost glycoprotein layers of the oocyte at the time of sperm penetration through the zona pellucida (Stambaugh & Buckley, 1968) . Zona penetration and subsequent fertilization is effectively prevented in the presence of acrosin-directed inhibitors, e.g. the pancreatic trypsin inhibitor (Zaneveld, Robertson, Kessler & Williams, 1970a) and Na-tosyl-L-lysyl-chloromethane (Zaneveld, Robertson & Williams, 1970b) . Consequently, concepts of anti-enzymic contraception have been developed, and a series of acrosin inhibitors has been tested for their potential antifertility efficacy (Schill, Feifel, Fritz & Hammerstein, 1981) .
A convenient tool to assess the proteolytic activity of individual spermatozoa is provided by the gelatin substrate film method originally developed by Gaddum & Blandau (1970) and adapted to inhibitor studies by Wendt, Leidl & Fritz (1975a, b) . Briefly, incubation of spermatozoa on a gelatin film results in disintegration of the acrosome thus leading to a circular digestion zone around the sperm head. Two lines of evidence suggest that proteolysis of the gelatin matrix is caused by acrosin liberated from leaky acrosomes. First, the mean lysis area and the mean content of acrosin was found to be well correlated for different sperm populations (Wendt et al, 1975a) . Second, gelatin digestion was completely prevented when acrosin-specific inhibitors were present in the substrate film (Wendt et al, 1975a) . Hence, the gelatin film method permits a semiquantitative estimation of the inherent proteolytic activity of single spermatozoa.
The present communication examines the inhibition of boar sperm acrosin by synthetic inhibitors of the guanidine, monoamidine, and diamidine type in vitro and in vivo.
Materials and Methods
Trishydroxymethylaminomethane (Tris), citric acid, and fructose were products from E. Merck, Darmstadt, F.R.G. Kodak autoradiographic stripping plates AR 10 were obtained from Kodak, Stuttgart, F.R.G. Acrosin (EC 3.4.21.10) was purified from boar spermatozoa as described by Miiller-Esterl & Fritz (1981) .
Inhibitors
The compound number is given in parentheses. Guanidines. (1) Ethyl-4-guanidinobenzoate (Mares-Guia & Shaw, 1967) ; (2) phenyl-4-guanidinobenzoate (PPGB) (Markwardt, Drawert & Walsmann, 1974) ; (3) 4-nitrophenyl-4-guanidinobenzoate (NPGB) (Chase & Shaw, 1970) .
Diamidines. (4) l,2-Bis-(5-amidino-2-benzofuranoyl)ethylene (Tidwell et al, 1978) ; (5) 2-[4-(4-amidinophenoxy)phenyl]-6-indolylcarboxamidine (Tidwell et al, 1978) ; (6) 6-amidino-2-(4-amidinophenyl)-3-aminoindole (Tidwell et al, 1978) ; (7) 5-amidino-2-(4-amidinophenyl)benzofuran (Tidwell et al, 1978) ; (8) 6-amidino-2-(4-amidinophenyl)thionaphthene (Tidwell et al, 1978) ; (9) 6-amidino-2-(4-amidinophenyl)indole (AAPI) (Tidwell et al, 1978) .
Monoamidines. (10) Ethyl-4-amidinophenylpyruvate (Markwardt et al, 1974) ; (11) 4-amidinophenylpyruvic acid (Markwardt et al, 1974) ; (12) 4-amidinophenyl-4-methoxybenzoate (APMB) (Markwardt et al, 1974) .
Phenylmethanesulphonates. (13) Nitrophenyl-4-isothiouroniummethylphenylmethanesulphonate (Wong, Green & Shaw, 1978) .
Inhibition constants
Inhibition constants were determined according to Dixon (1972) , using purified boar acrosin, and the assay system of Schleuning & Fritz (1975) . Duplicates of experiments were performed for 5 different concentrations of each inhibitor ranging from 1-9 x 10~8 M to 5-7 "7 M.
Preparation of spermatozoa
Semen was collected from healthy boars (Deutsches Veredeltes Landschwein) by an artificial vagina. One part of the semen (referred to as ejaculated spermatozoa) was processed immediately after ejaculation (see below), and another part (50 ml) was used to inseminate sows (Göttinger Minipig) 1 day after onset of oestrus. At 6 h after artificial insemination the spermatozoa were recovered from the genital tract by hysterectomy and flushing of the uterus and oviducts (uterine spermatozoa). Ejaculated and uterine spermatozoa were suspended in the diluting buffer (300 mMTris, 100 mM-citric acid, 82 mM-fructose, pH 6-9) and the suspension centrifuged (10 min, 600 £, 25°C). The supernatant was decanted and the sperm pellet was resuspended in an appropriate volume of diluting buffer to give a final sperm count of 105 spermatozoa/ml.
Incubation of spermatozoa
To 1 ml of the sperm suspension 1 ml of freshly prepared inhibitor solution was added to give a final concentration of 1 mM. The suspension was incubated (15 min, 37°C), centrifuged (10 min, 600 g, 25°C), and the supernatant decanted. The sediment was washed with 10 ml diluting buffer to remove excess inhibitor not associated with spermatozoa. The resulting suspension was centrifuged (15 min, 600 g, 25°C), the supernatant was removed and the sediment resuspended in 1 ml diluting buffer. An aliquant (150 µ ) was transferred to a gelatin film and further processed.
Gelatin lysis
The gelatin film technique was essentially performed as described earlier (Wendt et al, 1975a Halo formation of uterine ('capacitated') spermatozoa was similarly affected by the inhibitors applied. Strong inhibitors of gelatin lysis by ejaculated spermatozoa were also strong inhibitors of gelatin lysis by uterine spermatozoa and vice versa (see Table 1 ). However, for some compounds (e.g. 4, 5,10 and 11) uterine spermatozoa were more susceptible to inhibition than were ejaculated spermatozoa, but this was not a general feature (see Compounds 6, 7 and 8).
Generally, the progressive motility of spermatozoa was affected by inhibitor treatment (Table  1) . However, no correlation was found between reduction of progressive motility and inhibition of sperm proteolytic activity. 67-8 9-9 ± 8-7
Compound 9 (40 mg in 1 ml 015 M-NaCI) 6 280 ±18-2 16-8 ±9-2 15-5 ± 10-0 92-3 10-7 ± 2-2
Values are mean ± s.e.m.
Discussion
Inhibition of the sperm proteinase acrosin has been suggested as a promising new approach to contraception (Joyce, Freund & Peterson, 1979 ). Acrosin represents the major proteinase of vertebrate spermatozoa with an intra-acrosomal concentration of 1 -6 mM (corresponding to 64 mg acrosin/ml acrosomal plasma) (Miiller-Esterl & Fritz, 1981) . The acrosome of intact spermatozoa contains the inactive precursor of acrosin (proacrosin) which is autocatalytically converted to the active enzyme at the time of the acrosome reaction (Green, 1978; Harrison & Brown, 1979) . Moreover, minor acrosomal proteinases other than acrosin have been reported (Morton, 1977 (Schill et al, 1981 Restriction of transmembrane diffusion was found to be more pronounced in human spermatozoa (Schill et al, 1981) : of 19 synthetic low molecular weight inhibitors tested only NPGB (Compound 3) proved to be a potent inhibitor of intra-acrosomal acrosin. Hence, species-specific differences in the membrane permeability of spermatozoa may exist.
Mechanisms other than transmembrane diffusion should also be taken into account to explain the observed effects. Adsorption of the inhibitors to the outer surface of the acrosomal membranes, leading to inhibition of acrosin subsequent to its leakage from the disintegrating acrosome, would be another possibility. Such a mechanism provides a rationale for the observed inhibition of gelatin lysis when spermatozoa are pretreated with high molecular weight inhibitors such as aprotinin (Schill et al, 1981) or seminal plasma inhibitor (Wendt et al, 1975b 
